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(54) A process for manufacturing a semiconductor device 

(57) Implantation of a high concentration of P type 
impurity in an emitter electrode can be prevented during 
forming a source-drain of PMOS and a extrinsic base, 
by keeping an insulating film intact only on an emitter 
electrode and simultaneously patterning the insulating 
electrode and a gate electrode, leading to prevention of 
increase and dispersion of an emitter resistance. 
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Description 

BACKGRO UND OF THE INVENTION 

1 . Field of the invention 5 

This invention relates to a process for manufactur- 
ing a semiconductor integrated circuit device compris- 
ing a bipolar transistor formed on a semiconductor 
substrate and a complementary field-effect transis- w 
tor(hereinafter, referred to as CMOS). 

2. Description of the related art 

BiCMOS technology is one for forming a bipolar 15 
transistor having characteristics of high-speed actuation 
and high driving performance and a CMOS having a 
characteristic of low power consumption, on the same 
substrate, which is one of the most effective procedures 
for meeting recent demands on lower power consump- 20 
Won and higher speed in a semiconductor device. 

Since BiCMOS technology requires many steps, 
cost reduction has been strongly desired. JP-A 4-74434 
and JP-A 8-55924 have disclosed techniques for meet- 
ing such demands. 25 

As the first prior art. description of JP-A 4-74434 
will be briefly illustrated by referring to Figure 5(a) to (c) 
and Figure 6(a) to (c). 

As seen in Fig. 5(a), on a P type silicon substrate 
301 are formed an N + buried layer 303 and a P + buried so 
layer 302; is grown an N type epitaxial layer 304; and 
then are formed an N well 305 and a P well 306. 

Then, on the substrate are formed a field oxide film 
307 by LOCOS technique and then a gate oxide film 
308, and boron ion is implanted with a mask 90 1 to form 35 
a P type base area 309. 

Then, as seen in Fig.5(b), an emitter contact 310 
and a collector contact 311 are opened with a mask 
902. 

As seen in Fig.5(c), a polysilicon 302 is deposited 40 
over the whole surface, and then arsenic ion is 
implanted on a given area. 

Then, as seen Fig.6(a). phosphorous ion is 
implanted in a given area with a mask 903. 

Then, as seen Fig 6(b), the polysilicon 312 is selec- 45 
tively etched to form an emitter polysilicon 314. a collec- 
tor polysilicon 315 and a gate polysilicon 313. 

Herein, the arsenic ion is implanted for forming an 
emitter diffusion layer 317 which will be described later, 
while the phosphorous ion is implanted for forming a so 
collector diffusion layer 318 and an N* type gate polysil- 
icon 313 both of which will be described later. 

Then, as seen in Fig.6(c), an N type LDD layer 320 
and a P type LDD layer 321 are formed; an oxide film is 
deposited over the whole area of the wafer, and it was 55 
etched back by RIE technique to form a side wall 319 
consisting of an oxide film. 

Then, an N* type source-drain 322 is formed, and a 


P+ type source-drain 323 and a extrinsic base 316 are 
simultaneously formed. 

Then, the substrate was treated by heat to form an 
emitter diffusion layer 31 7 and a collector diffusion layer 
318, to give a device portion of a BiCMOS integrated 
circuit. 

Next, as the second prior art, the technique 
described in JP-A 8-55924 will be briefly described by 
referring to Fig.7(a) to (c) and Fig 8(a) to (c). 

As seen in Fig. 7(a), on a P type silicon substrate 
401 are formed an fsT buried layer 403. a P + buried layer 
402. an N well 406 and a P well 405. and then boron ion 
is implanted through the first oxide film 404 about 30 nm 
thick, using a mask 91 1 . The conditions of ion-implanta- 
tion may be, for example, 7.0 x 10 13 cm" 2 at 10 keV. 
Thus, a P type base area 409 is formed. 

As seen in Fig.7(b), after removing the first oxide 
film 404, a gate oxide film(407) 10 nm thick is formed by 
thermal oxidation. Then, a part of the gate oxide film 
408 for an emitter contact 410 is removed with a mask 
912 by, for example, selectively etching with 10 % HF for 
10 seconds. 

Then, as seen in Fig.7(c), a polysilicon 412 about 
350 nm thick is deposited over the whole area of the 
wafer by LPCVD technique, and then boron ion is 
implanted in an area where a gate of PMOS will be 
formed, with a mask 913, for example, under the condi- 
tions of 2 x 10 15 cnV 2 at 20 keV. 

Then, as seen in Fig.8(a), arsenic ion or phospho- 
rous ion is implanted on the areas where an emitter and 
a gate of NMOS will be formed; for example, under the 
conditions of 1 x l0 1f W 2 at 100 keV for arsine. 

Then, as seen Fig 8(b), the polysilicon 412 is selec- 
tively etched to form an emitter polysilicon electrode 
414 and a gate polysilicon electrode 413. 

Then, as seen in Fig.8(c), an N type LDD layer 420 
and a P type LDD layer 421 are formed, and an dielec- 
tric film is deposited over the whole area of the wafer, 
and it was etched back to form a side wall 419 which 
consists of an oxide film, preferably of an oxide film and 
a nitride film on the oxide film. 

Then, an N + type source-drain 422 is formed, and a 
P + type source-drain 423 and a extrinsic base 416 are 
simultaneously formed, and the substrate was treated 
by heat. 

Herein, the gate of the PMOS is doped by an ion- 
implantation of a P + type source-drain 423, and the gate 
of the NMOS is doped by an ion -implantation of a N + 
type source-drain 422. 

After above process, silicification may be con- 
ducted on the surfaces of the gate polysilicon electrode 
413. the P + type source-drain 423. N + type source-drain 
422 and/or the emitter polysilicon electrode 414 by a 
known technique. 

SUMMARY OF THE INVENTIp fsl 

Problems in the prior art in which a gate polysilicon 


<EP 0851486A1. I. 


2 


3 


EP 0 851 486 A1 


4 


and an emitter polysilicon share a wiring, will be 
descried by referring to Figure 9, wherein 501 is a P 
type silicon substrate. 502 is an N* type buried layer, 
503 is an N type epitaxial layer, 504 is a collector diffu- 
sion layer. 505 is a field oxide film, 506 is an emitter 5 
polysilicon, 507 is a P type base area, 503 is a extrinsic 
base, 509 is a side wall and 916 is a mask. 

In the prior art in which a gate polysilicon and an 
emitter polysilicon share a wiring layer, the N + type emit- 
ter polysilicon is separated from the P* type extrinsic 10 
base by a distance indicated by WEB in Fig.9(a). It pro- 
vides a margin larger than an alignment deviation in an 
exposure step in a process for forming the extrinsic 
base. However, as scaling, i.e., size reduction and 
refinement, proceeds in a bipolar transistor, WEB is 
becomes smaller as shown in Fig. 9(b). Thus, when a 
deviation in alignment occurs in an exposure step in a 
process for forming the P+ type extrinsic base, a mask 
916 over the emitter polysilicon may be opened, for 
example, as shown in Fig.9(c), in which a high concen- 20 
tration of P type impurity may be implanted. 

Such an event may cause deterioration in quality of 
a bipolar transistor such as; 

(1) increase of the emitter resistance of the bipolar 
transistor and increase of dispersion of the emitter 
resistance value, and 

(2) reduction in a current gain of the bipolar transis- 
tor and increase in dispersion of the current gain. 

Thus, this invention is to provide a process for man- 
ufacturing a semiconductor device wherein the above 
deterioration in quality of a bipolar transistor can be pre- 
vented by avoiding implantation of a high concentration 
of P type impurity in an emitter polysilicon in a process 
for forming a extrinsic base of a bipolar transistor even 
when scaling proceeds in the bipolar transistor in which 
a wiring layer is shared by a gate polysilicon electrode 
and an emitter polysilicon electrode. 

To solve the above problems, this invention pro- 
vides a process for manufacturing a semiconductor 
device, comprising forming a gate oxide film and open- 
ing an emitter contact on the surface of a semiconductor 
substrate; forming a conducting film and an insulating 
film on the gate oxide film; selectively keeping the insu- 
lating film intact on an area including the area for the 
emitter contact; forming a mask for a gate electrode; 
and simultaneously forming a gate electrode and an 
emitter electrode. 

Furthermore, this invention provide a process for 
manufacturing a semiconductor device, comprising 
forming a gate oxide film and opening an emitter contact 
on the surface of a semiconductor substrate; forming a 
conducting film and an insulating film on the gate oxide 
film; selectively keeping the insulating film intact on an 
area including the area for the emitter contact; forming a 
mask for a gate electrode and an emitter electrode; and 
simultaneously forming a gate electrode and an emitter 


electrode. 

According to the process for manufacturing a semi- 
conductor device of this invention, an insulating film is 
pre-formed on an area for forming an emitter polysili- 
con, and then, in a process for forming a gate polysili- 
con and an emitter polysilicon the emitter polysilicon 
and the gate polysilicon are etched, employing, as a 
mask during etching, an insulating film or a combination 
of an insulating film and a photoresist for the former, and 
a photoresist for the latter. Thus, the insulating film can 
be kept intact at least on the area in which ion may be 
implanted during a process for forming a extrinsic base, 
and the insulating film acts as a mask for ion-implanta- 
tion during the process for forming a P + type extrinsic 
base to prevent implantation of a high concentration of 
P type impurity in an emitter polysilicon. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows a sectional process drawing to illus- 
trate Example 1 according to this invention. 

Figure 2 shows another sectional process drawing 
to illustrate Example 1 according to this invention. 

Figure 3 shows a sectional process drawing to illus- 
trate Example 2 according to this invention. 

Figure 4 shows another sectional process drawing 
to illustrate Example 2 according to this invention. 

Figure 5 shows a sectional process drawing to illus- 
trate the first prior art. 

Figure 6 shows another sectional process drawing 
to illustrate the first prior art. 

Figure 7 shows a sectional process drawing to illus- 
trate the second prior art. 

Figure 8 shows another sectional process drawing 
to illustrate the second prior art 

Figure 9 shows sectional views to illustrate the 
problems of the prior art. 

Figure 10 shows top and sectional views to illus- 
trate the problems in Example 1 according to this inven- 
tion. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Example 1 

An embodiment of this invention will be described 
by referring to Fig. 1(a) to (c) and Fig.2(a) to (c). 

As shown in Fig. 1(a), in accordance with the prior 
art, on a P type silicon substrate 101 are formed a N + 
buried layer 103 and a P + buried layer 102; is grown a N 
type epitaxial layer 104; and are further formed a N well 
106 and a P well 105. Then, a field oxide film 107 from 
200 to 500 nm thick is formed by a known technique; a 
gate oxide film 108 from 3 to 10 nm thick is formed by 
thermal oxidation; and boron ion is implanted using a 
mask 801 of. for example, a photoresist, to form a P type 
base area 109. 


30 


35 


40 


45 


50 


3 


<EP_. 08S1486A1 I > 


EP0851 486 A1 


Then, as seen in Fig.i(b), a part of the gate oxide 
film 108 on an emitter contact 110 is selectively 
removed using a mask 802 of. for example, photoresist 
by, for example, wet etching or dry etching. 

Then, as seen in Fig. 1(c). a polysilicon 112 from 5 
100 to 500 nm thick is grown over the whole surface of 
the wafer, wherein the polysilicon is preferably non- 
doped or grown containing an N type impurity such as 
phosphorous and arsine in concentration of 1 x 10 17 to 
1 x 10 21 cm- 3 , preferably 1 x 10 18 to 1 x 10 20 cm" 3 , by 10 
employing a known CVD technique. 

After growing of the polysilicon, the area including a 
region for forming an emitter polysilicon is opened using 
a mask 803 of, for example, photoresist; for example, an 
N + type impurity such as phosphorous and arsenic ion is 
is implanted at, e.g., 5 to 70 keV to achieve its total con- 
centration of 1 x 10 19 to 1 x 10*1 cm-3 in the polysilicon. 

The above ion-implantation is not necessary when 
the polysilicon is grown containing the impurity in a high 
concentration in the above step of growing the polysili- so 
con,. 

Then, as seen in Fig.2(a), a silicon oxide film from 
1 00 to 300 nm thick and the first insulating film 1 24 such 
as a slicon nitride film are grown by. for a known process 
such as a CVD technique, and then a mask 804 of, for 25 
example, photoresist is formed on the area for forming 
an emitter polysilicon. 

Then, as seen in Fig.2(b). the first insulating film 
124 is subject to patterning by a known anisotropic etch- 
ing technique, the mask 804 is removed, a mask 805 of, 30 
for example, photoresist is formed for forming a gate 
polysilicon. and then the polysilicon is selectively etched 
by a known technique. 

During the process, the first insulating film 124 on 
the emitter polysilicon and a mask 805 on the gate poly- 35 
silicon play a role of a mask to the above etching. 

Then, as seen in Fig.2(c). a N type LDD layer 120 
and a P type LDD layer 121 are formed by a known 
technique; an insulating film such as a silicon oxide film 
and a silicon nitride film 30 to 200 nm thick is grown over 40 
the whole surface by a known process such as a CVD 
technique; it is etched back by a known anisotropic 
etching to form a side wall 1 19; a N+ type source-drain 
122 is formed; a P+ type source-drain 123 and a extrin- 
sic base 1 1 6 are simultaneously formed; and finally the 45 
substrate is treated by heat. 

During formation of the extrinsic base 116. a high 
concentration of P type impurity is not implanted to the 
emitter polysilicon since the emitter polysilicon is com- 
pletely covered with the first insulating film 124. so 

Furthermore, after completion of the above proce- 
dure, silicification may be conducted on the surfaces of 
the gate polysilicon 113. the P+ type source^drain 123 
the N* type source-drain 122 and/or the extrinsic base 
11 6 by a known technique as is in the second prior art 55 
which is not shown in the drawings. During the process 
the emitter poilysilicon is not silicified since it is com- 
pletely covered with the first insulating film 124. 


Next, further scaling will be described by referring 
to Fig.lO(a) and (b), wherein 601 is a field oxide filnv 
602 is a base diffusion layer; 603 is a collector diffusion 
layer; 604 is an emitter contact; 605 is an emitter poly- 
silicon; 606 is an interlayer insulating film, 607 is a con- 
tact. 608 is a contact plug; and 609 is a metal line. 

In the above Example 1 , the first insulating film 124 
completely covers over the emitter polysilicon 114 as 
shown in Fig.2(c); the structure is as shown in the top 
and the sectional views of Fig. 1 0(a). 

In general, the base diffusion layer width 610 in 
Fig. 10(a) should be subject to scaling for further improv- 
ing performance and speed of the bipolar transistor. 

For scaling of the base diffusion layer width 610 of 
the bipolar transistor, the linewidth and the line pitch of 
the metal line 609 should be reduced at the same time. 
However, since an electric current as high as several 
mA to several tens of mA is applied to emitter and col- 
lector electrodes in a bipolar transistor, reduction of the 
linewidth of the metal line 609 may cause deterioration 
of resistance to electromigration and of the quality of the 
metal line. Therefore, a method for scaling without 
reduction of the linewidth of the metal line 609 is 
desired. 

In the top view of Fig. 10(b), scaling leads to a 
longer wire length for the emitter polysilicon 605 than 
one in Fig. 10(a). 

Example 2 


Thus, it may be undesirable due to its causing 
increase of emitter resistance. As a specific procedure 
for solving the problem, the second embodiment 
according to this invention will be described. 

The second embodiment of the process for manu- 
facturing a semiconductor device according to the 
invention will be described by referring to Fig.3(a) to (c) 
and Fig.4. 

Herein, the sectional views of Figs.3(b). 3(c) and 4 
for the bipolar transistor are those taken on line E-F of 
Fig.3(a) for illustrating clearly. 

In Figs.3 and 4, 201 is a P type silicon substrate- 
202 is a P* type buried layer; 203 is a N + type buried 
layer; 204 is a N type epitaxial layer; 205 is a P well; 206 
is a N well; 207 is a field oxide film; 208 is a gate oxide 
film; 209 is a P type base region; 213 is a polysilicon; 
214 is an emitter polysilicon; 219 is a side wall; 220 is a 
N type LDD layer; 221 is a P type LDD layer; 222 is a N + 
type source-drain; 223 is a P + type source-drain; 224 is 
the second insulating film; 225 is a silicide layer; and 
916 is a mask 

The sectional view for the semiconductor device 
according to Example 2 is as Fig. 10(b). 

The cross-sectional structure shown in Fig. 1(c) is 
formed as described in Example 1. The following proc- 
ess will be described by referring to Fig.3. As shown in 
Fig.3(a), The second insulating f flm 224 from 100 to 300 
nm thick is grown over the whole surface of the wafer by 
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a known process such as a CVD technique. The second 
insulating film 224 may be a silicon oxide film and a sili- 
con nitride film. The insulating film 224 is formed in a 
manner that the film covers at least the area on the 
emitter polysilicon which may be implanted with a high 
concentration of P type impurity due to an alignment 
deviation during an exposure step in forming a extrinsic 
base of a bipolar transistor. 

Then, as seen in Fig.3(b), a mask 806 of, for exam- 
ple, photoresist is formed for forming a gate electrode 
and a withdrawal part of the emitter polysilicon. An emit- 
ter polysilicon 214 and a gate polysilicon 213 are 
formed by a Known anisotropic polysilicon etching, 
using, as a mask for etching, the insulating film 224 and 
the mask 806 for the former and the mask 806 for the 
latter. 

Then, as seen in Fig.3(c), a N type LDD layer 220 
and a P type LDD layer 221 are formed by a known 
technique; an insulating film such as a silicon oxide film 
and a silicon nitride film 30 to 200 nm thick is grown over 
the whole surface by a known process such as a CVD 
technique; and it is etched back by a known anisotropic 
etching to form a side wall 219. 

Then, as shown in Fig. 4, a N + type source-drain 
222 is formed; a P+ type source-drain 223 and a extrin- 
sic base 216 are simultaneously formed; and the sub- 
strate is treated by heat 

Since the second insulating film 224 covers at least 
the area on the emitter polysilicon which may be 
implanted with a high concentration of P type impurity 
during formation of the P + type source-drain 223 and 
the extrinsic base 216, the area is not implanted with a 
high concentration of P type impurity. During the proc- 
ess, the gate of PMOS is subject to doping, on which a 
final concentration of impurity depends. 

The gate of NMOS is subject to doping during 
implantation of the N* type source-drain 222, on which 
a final concentration of impurity depends. 

Furthermore, siliciftcation is conducted on the sur- 
faces of the gate polysilicon 213, the P* type source- 
drain 223, the N + type source-drain 222, the extrinsic 
base 216 and/or the withdrawal part of the emitter poly- 
silicon 214 by a known technique as is in the second 
prior art, to form a silicide layer 225. 

Since a part of the emitter polysilicon 605 has been 
silicif ied to have a sheet resistance of several to several 
tens of OJa, the resistance of the withdrawal can be 
reduced, and thus the resistance of the emitter elec- 
trode, i.e., the emitter resistance, can be reduced. 

As described above, according to the process of 
this invention for manufacturing a semiconductor 
device, deterioration in quality of a bipolar transistor can 
be prevented by avoiding implantation of a high concen- 
tration of P type impurity in an emitter polysilicon during 
a P + type extrinsic base formation step, to prevent; 

(1) increase of the emitter resistance of the bipolar 
transistor and increase of dispersion of the emitter 


resistance value, and 

(2) reduction in a current gain of the bipolar transis- 
tor and increase in dispersion of the curcent gain. 

5 Claims 

1. A process for manufacturing a semiconductor 
device, comprising forming a gate oxide film and 
opening an emitter contact on the surface of a sem- 

10 iconductor substrate; forming a conducting film and 
an insulating film on the gate oxide film; selectively 
keeping the insulating film intact on an area includ- 
ing the area for the emitter contact; forming a mask 
for a gate electrode; and simultaneously forming a 

is gate electrode and an emitter electrode. 

2. A process for manufacturing a semiconductor 
device as is claimed in Claim 1 , wherein the said 
conducting film is deposited in a form of non-doped 

20 polycrystal or amorphous silicon. 

3. A process for manufacturing a semiconductor 
device as is claimed in Claim 1, wherein the said 
conducting film is polycrystal silicon deposited con- 

25 taining a N type impurity in concentration of 1 x 
10 17 to 1 x 10 21 cm 3 . 

4. A process for manufacturing a semiconductor 
device as is claimed in Claim 1 , wherein the said 

30 conducting film is a composite film consisting of a 
silicide with a high melting metal and polycrystal or 
amorphous silicon. 

5. A process for manufacturing a semiconductor 
35 device as is claimed in Claim 1 , wherein the said 

conducting film is a high-melting metal or a silicide 
with a high-melting metal. 

6. A process for manufacturing a semiconductor 
40 device as is claimed in Claim 1 , wherein the sur- 
faces of the said gate electrode, the source-drain 
area and the extrinsic base of the bipolar transistor 
are silicrfied. 

45 7. A process for manufacturing a semiconductor 
device, comprising forming a gate oxide film and 
opening an emitter contact on the surface of a sem- 
iconductor substrate; forming a conducting film and 
an insulating film on the gate oxide film; selectively 

so keeping the insulating film intact on an area includ- 
ing the area for the emitter contact; forming a mask 
for a gate electrode and an emitter electrode; and 
simultaneously forming a gate electrode and an 
emitter electrode. 

55 

8. A process for manufacturing a semiconductor 
device as is claimed in Claim 7, wherein the said 
conducting film is deposited in a form of non-doped 
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polycrystal or amorphous silicon. 

9. A process for manufacturing a semiconductor 
device as is claimed in Claim 7, wherein the said 
conducting film is polycrystal silicon deposited con- s 
taining a N type impurity in concentration of 1 x 
10 17 to1 xio 21 cm 3 . 

10. A process for manufacturing a semiconductor 
device as is claimed in Claim 7, wherein the said w 
conducting film is a composite film consisting of a 
silicide with a high melting metal and polycrystal or 
amorphous silicon. 

11. A process for manufacturing a semiconductor is 
device as is claimed in Claim 7, wherein the said 
conducting film is a high-melting metal or a silicide 
with a high-melting metal. 

12. A process for manufacturing a semiconductor so 
device as is claimed in Claim 7, wherein the sur- 
faces of the said gate electrode, the source-drain 
area, the extrinsic base of the bipolar transistor and 
the withdrawal part of the emitter electrode are sil- 
icified. 
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